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Process for the electrochemical preparation of 
tasane dtrlvttivtt of ftntral formula (I), based oo • 
mane derivative of general formuU (III). Tht tovtn* 
don alio concerns pharmaceutical compotitloni with 
outstanding antltunour and anu^eukaamla proptftlea 
which contain a novel product of general formula (I) wherein Rj U a radical of ftntral formula (II). tn gentral formula* (t) 
and (1I1X RUi hydrogen atom or an aottyl or alkoxyaeatyl radical, oat of the symbols R| or Rj Is a hydrogen atom and tha 
othtr U a hydroiv radio*), Rj le a hydrog tn atom or a radlsai of general formula (II) wbtrtln Ar U an aryl radloal and Ri la 
a btnxoyl radical or a Rj-O-CO- radloal In which Rj li an alkyL alkanyL cydoalkyl, cycloalkeoyl, bloydoalkyl, phenyl or 
bettrocyclyl radical. 

(57)Aartft 

Precede da preparation da derives da taxant da formula genoraJe (I), par vole eloctrochlmlque, a partlr d'un derive du 
tiuni da formula gantralt (W) at It* compositions pharmaotutiques qui oontlcnntnt un nouvtau prodult dt formule generelt (I) 
dans laqutUt Rj nprtatnta un radical dt> formula gtnaralt (II) qui prtstnttnt dta proprittai antitumoralts tt antiltuoaml- 
quei rtmarquablaa. Dans Its formula* general as (I) et (III), R represent* un atom* d'hydrogen* ou un radical aoetyl* ou al* 
coxyacetyl*, un des eymbolas R| ou Rj repraaente un atomt d'hydrogent tt 1'autre reprtsentt un radical hydroxy, Rj rtprt* 
itmt un atomt d'hydrogent ou un radical dt formult generate (1!) dam laquellt: Ar raprtttntt un radloal aryl* at R4 
repretentt un radical benzoylt ou un radical Rj-O-CO* dans lequtl R$ represtute un radloal alooylt, alcenyk, cydoaleoylt, 
cydoalcenyle, blcycloaleoyla, phtnylt ou htttrocyclytt. 
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WO 94/11547 1 PCT/FR93/01102 

Process for the preparation of taxane derivatives, 
new taxanes thereby obtained and an ti tumour and 
antileukaemic compositions 
containing them 
The present invention relates to a new 
process for the preparation of taxane derivatives of 
general formulas 




(I) 



OCOC 6 H 5 



in which: 

one of the symbols R x and R 2 represents a hydrogen atom 
and the other represents a hydroxyl radical, 
- R 3 represents a hydrogen atom or a radical of general 
formula t 

OH 

in which 

Ar rapraaanta an aryl radieal, and 
R 4 rapraaanta a bansoyl radioal or a radioal 
R s -0-CO in which R 5 rapraaanta an alkyl, alkanyl, 
cycloalkyl, cycloalkanyl, bicycloalkyl. phanyl or 
hataroeyelic radical. 



Mora especially, the present invention 
relates to a process for the preparation of the 
products of general formula (I) in which, R x and R 2 
being defined as above, R 3 represents a hydrogen atom 
or a radical of general formula (II) in which t 

Ar represents a phenyl or a- or /J-naphthyl 
radical optionally substituted with one or more atoms 
or radicals chosen from fluorine or chlorine atoms and 
alkyl, aryl, aralkyl, alkoxy, alkylthio, aryloxy, 
arylthio, hydroxyl, hydroxyalky 1 , mercapto, acylamino, 
aroylamino, alkoxycarbonylamino, amino, alkylamino, 
dialkylamino, carboxyl, alkoxycarbonyl , carbamoyl, 
dialkylcarbamoyl, cyano and trif luoromethyl radicals, 
on the under standing that the alkyl radicals and the 
alkyl portions of the other radicals containing 1 to 4 
carbon atoms and the aryl radicals are phenyl or a- or 
/J-naphthyl radicals, or a 5-membered aromatic 
heterocyclic radical containing one or more identical 
or different atoms chosen from nitrogen, oxygen and 
sulphur atoms, optionally substituted with one or more 
identical or different substituents chosen from halogen 
(fluorine, chlorine) atoms and alkyl radicals 
containing 1 to 4 carbon atoms, aryl radicals 
containing S to 10 carbon atoms, alkoxy radicals 
containing 1 to 4 carbon atoms, aryloxy radicals 
containing 6 to 10 carbon atoms , amino radicals, 
alkylamino radicals containing 1 to 4 carbon atoms, 
dialkylamino radicals in which each alkyl portion 



contains 1 to 4 carbon atoms, acylamlno radicals in 
which the acyl portion contains 1 to 4 carbon atoms, 
alkoxycarbonylamino radicals containing 1 to 4 carbon 
atoms , acyl radicals containing 1 to 4 carbon atoms, 
arylcarbonyl radicals in which the aryl portion 
contains 6 to 10 carbon atoms, cyano, carboxyl and 
carbamoyl radicals, alkylcarbamoyl radicals in which 
the alkyl portion contains 1 to 4 carbon atoms, 
dialkylcarbamoyl radicals in which each alkyl portion 
contains 1 to 4 carbon atoms and alkoxycarbonyl 
radicals in which the alkoxy portion contains 1 to 4 
carbon atoms, and 

R 4 represents a benzoyl radical or a radical 
R 5 -0-CO- in which R 5 represents: 

- an unbranched or branched alkyl radical containing 1 
to 8 carbon atoms, an alkenyl radical containing 2 to 8 
carbon atoms, an alkynyl radical containing 3 to 8 
carbon atoms, a cycloalkyl radical containing 3 to 6 
carbon atoms, a cycloalkenyl radical containing 4 to 6 
carbon atoms or a bicycloalkyl radical containing 7 to 
10 carbon atoms, these radicals being optionally 
substituted with one or more substituents chosen from 
fluorine or chlorine atoms and hydroxy 1 radicals, 
alkoxy radicals containing 1 to 4 carbon atoms , 
dialkylamino radicals in which each alkyl portion 
contains 1 to 4 carbon atoms, piper idino, morpholino 
and 1-piperasinyl (optionally substituted at position 4 
with an alkyl radical containing 1 to 4 carbon atoms or 



with a phenylalkyl radical in which the alkyl portion 
contains 1 to 4 carbon atoms) radicals, cycloalkyl 
radicals containing 3 to 6 carbon atoms, cycloalkenyl 
radicals containing 4 to 6 carbon atoms, phenyl, cyano 
and carboxyl radicals and alkoxycarbonyl radicals in 
which the alkyl portion contains 1 to 4 carbon atoms, 

- a phenyl radical optionally substituted with one or 
more radicals chosen from alkyl, aryl, aralkyl, alkoxy, 
alkyl thio, aryloxy, arylthio, hydroxy 1, hydroxyalkyl , 
mercapto, acylamino, aroylamino, alkoxycarbonylamino, 
amino, alkyl amino, dialkylamino, carboxyl, 
alkoxycarbonyl, carbamoyl, dialkylcarbamoyl, cyano and 
trifluoromethyl radicals, on the understanding that the 
alkyl radicals and the alkyl portions of the other 
radicals contain 1 to 4 carbon atoms 

- or a saturated 4- to 6 -member ed nitrogenous 
heterocyclic radical optionally substituted with one or 
more alkyl radicals containing 1 to 4 carbon atoms, 

on the understanding that the cycloalkyl, cycloalkenyl 
or bicycloalkyl radicals may be optionally substituted 
with one or more alkyl radicals containing 1 to 4 
carbon atoms, and 

Still more especially, the present invention 
relates to the preparation of the products of general 
formula (I) in which, R x and R a being defined as above, 
R 3 represents a radical of general formula (IX) in 
which Ar represents a phenyl radical optionally 
substituted with a fluorine or chlorine atom or with an 




5 

alkyl (methyl) , alkoxy (mothoxy) , dialkylamino 
(dimethylamino) , acylamino, alkoxycarbonylamino or 
trifluoromethyl radical or a 2- or 3-thienyl or 2- or 
3- fury 1 radical, and R 4 repreaents a benzoyl radical or 
5 a radical R 5 -0-CO- for which R 5 represents a t-butyl 
radical • 

The products of general formula (X) in which 
R x and R 3 are defined as above, and R 3 represents a 
radical of general formula (XI) in which Ar represents 

10 a heterocyclic radical defined as above and R 4 

represents a benzoyl radical or a radical of general 
formula R 5 -0-CO in which R 5 is defined as above, 
constitute new products which possess noteworthy 
antitumour and antileukaemic properties. 

15 According to the present invention, the 

products of general formula (X) may be obtained by 
electrolytic reduction of a product of general formula: 




(III) 



OCOC 6 H 5 



in which R represents a hydrogen atom or an acetyl or 
alkoxyaoetyl radical and R x , R 2 and R 3 are defined as 
20 above. 

According to the invention, the reduction of 



6 

the group R-O- is effected electrochemically according 
to the following reactions 




(i) 



K and R 2 " 0K) 



The electrolytic reduction, starting from a 
product of general formula (XXI) , is carried out in an 
5 electrolyser containing a catholyte consisting of a 
carrier electrolyte containing magnesium, calcium, 
cerium 111 , strontium or lithium ions or, where 
appropriate, when R represents an acetyl or 
alkoxyacetyl radical, ammonium (NH 4 + ) ions and of a 

10 solvent or mixture of solvents or aqueous -organic 

mixture in which the product of general formula (XXX) 
is dissolved at a concentration between 0.1 g/1 and 
saturation of the solution. 

The theoretical quantity of electricity 

15 needed for effecting the reduction of a product of 

general formula (XXX) to a product of general formula 
(I; R 1 - OH and R 2 - R) and (X; R x « H and R 2 - OH) is 2 
faradays (or 193,000 coulombs) per molecule. 

Depending on the conditions of carrying out 

20 the electrolytic process, it is possible to obtain 

preferentially the product of general formula (X) for 
which R x represents a hydroxyl radical and R 2 represents 
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a hydrogen atom, depending on the nature of the 
electrolyte and the acidity of the medium. Generally, 
epimerization is not seen when the electrolytic 
reduction is performed in the presence of ammonium 
5 ions, the anode compartment containing a pro tonic acid. 

Preferably, the reduction is performed in a 
diaphragm electrolyser . 

According to an embodiment of the process 
according to the invention, the electrolytic reduction 
10 is performed in an electrolyser containing a cathode, a 
cathode compartment, a separating diaphragm, an anode 
compartment and an anode, the characteristics of which 
are as follows t 

a) the cathode consists of an electrically conducting 
15 material on which reduction takes place at a potential 

above that of the reduction of the solvent or of one of 
the constituents of the carrier electrolyte, or at a 
potential such that the reduction of the solvent or of 
one of the constituents of the carrier electrolyte is 
20 not sufficiently extensive to interfere with the 
reduction of the product, 

b) the cathode compartment contains the catholyte which 
consists of a solution of the product of general 
formula (III) in an organic or aqueous -organic medium 

25 and of an electrolyte containing magnesium, calcium, 
cerium 111 , strontium or lithium ions or, where 
appropriate, ammonium (NH 4 +) ions. When the process is 
carried out in the presence of ammonium ions, the pH 
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may be maintained at a slightly alkaline value, that is 
to say preferably between 7 and 9/ by adding ammonia 
solution, 

c) the separating diaphragm consists of a porous 
5 material such as a plate, a sleeve or a candle of 

sintered glass or porcelain, or of an ion exchange 
membrane, preferably a cation exchange membrane, 

d) the anode compartment contains either. the anolyte, 
preferably consisting of the same solvent or mixture of 

10 solvents and the same carrier electrolyte as that used 
in the cathode compartment, or else a dilute acid in 
the same solvent or mixture of solvents as that 
contained in the catholyte, 

e) the anode consists of an electrically conducting 

15 material whose nature is not critical for carrying out 
the process. 

Generally, the anode consists of an 
electrically conducting material which cannot be 
attacked under the conditions of the electrolysis, such 
20 as, for example, polished platinum, solid or on a 
conducting support, graphite or vitreous carbon. 

Preferably, the cathode consists of a layer 
of mercury. 

The carrier eleatrolyte consists of a 
25 magnesium or calcium or, where appropriate, ammonium 
salt, such as magnesium chloride, calcium chloride, 
cerium 111 chloride, strontium chloride, lithium chloride 
or ammonium chloride, which is soluble in the solvent 



or mixture of solvents. Generally, protic solvents 
which readily solubilize the products of general 
formula (I) and (III) , and which enable the products of 
general formula (Z; R t « OH and R 2 *- H) and (I; R x « H 
and R 2 ■ OH) to be readily isolated, are used. 
Preferably, the solvents will be chosen from aliphatic 
alcohols containing 1 to 4 carbon atoms, such as 
methanol, ethanol, isopropanol or t-butanol, and the 
aqueous -organic mixture is an alcohol/water mixture. 

The pH must be compatible with the stability 
of the substrate, and it may be maintained at a 
slightly alkaline value during the electrolysis, that 
is to say preferably between 7 and 9, by adding aqueous 
ammonia solution or by bubbling in ammonia gas when 
ammonium chloride is used. 

The nature of the diaphragm separating the 
anolyte from the catholyte is not an essential feature 
of the invention. Thus, it is possible to use any 
diaphragm of known type, consisting of a porous 
material such as sintered glass or porcelain with or 
without a conducting gel limiting diffusion of the 
reactants, or of ion exchange membranes, preferably 
cation exchange membranes. When the anolyte contains a 
dilute acid, it is especially advantageous to use a 
oation exchange membrane in order to maintain the pH ia 
the catholyte by migration of H* ions through the 
membrane during the electrolysis. The membranes can be 
of the homogeneous or heterogeneous type, and they can 
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optionally be reinforced with a screen. Preferably, 
membranes which do not swell, which do not crinkle and 
which are stable in the presence of the various 
constituents of the anolyte and the catholyte are used. 

According to a preferred embodiment of the 
invention, the anode, the cathode and the separating 
diaphragm are arranged according to horizontal parallel 
planes in the case of a cathode consisting of a layer 
of mercury. 

The temperature of the electrolysis bath is 
generally between 0 and 30 °C. 

The electrolysis is performed at a controlled 
potential; the latter may be set at between -1.65 and 
-2.1 volts approximately relative to a calomel 
reference electrode, depending on the nature of the 
cation of the electrolyte. 

The theoretical quantity of electricity 
employed is 2 faradays (or 193,000 coulombs) per mole 
of a product of general formula (III). In practice, the 
quantity of electricity used can be from 2 to 5 times 
the theoretical quantity, but can also be very 
considerably higher. 

Preferably, the reaction is monitored by the 
disappearance the starting material, this 
disappearance being determined by thin-layer 

chromatography* 

The catholyte may be circulated, for example 
through the action of a pump. The circuit can, in 
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addition, comprise ancillary devices such as heat 
exchangers or expansion tanks; such an expansion tank 
makes it possible, in particular, to feed the catholyte 
with the product of general formula (III) and also 
enables fluid to be drawn off for extraction of the 
products of general formula (I) • 

The anolyte may also undergo circulation. 
According to a preferred embodiment of the invention, 
the catholyte circuit is similar to that of the 
anolyte, thereby enabling the pressures on each side of 
the separating diaphragm to be balanced* 

According to another particular embodiment of 
the invention, inserts are arranged in the anode and 
cathode compartments. These inserts serve to avoid, on 
the one hand distortions of the ion exchange membrane, 
and on the other hand contacts between this membrane 
and the electrodes. They also serve to improve the 
concentration homogeneity of the catholyte. 

In the absence of an insert, the speed of 
circulation of the catholyte in the cathode compartment 
is usually greater than 10 cm/s, and preferably greater 
than 50 cm/s. When an insert is used, the apparent 
speed of the catholyte (speed in the cathode 
compartment assumed to be without an insert) is usually 
greater than 1 cm/s, and preferably greater than 
10 cm/s. 

According to another embodiment of the 
invention, the cell can consist simply of a 
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parallelepipedal or cylindrical vessel made of a 
material which is inert with respect to the 
constituents of the electrolytes. 

Generally speaking, any electrolytic cell 
containing an anode and a cathode separated by one or 
more diaphragms providing for ionic conductivity is 
capable of being employed, the arrangement of the 
components not being critical for carrying out the 
process . 

The products of general formula (I) obtained 
by carrying out the process according to the invention 
are separated by application of the usual methods* 

Since carrying out the process according to 
the invention yields, where appropriate starting from a 
particular product of general formula (III) , a mixture 
of the corresponding products of general formula (I) 
for which, on the one hand R x represents a hydroxyl 
radical and R 2 represents a hydrogen atom, and on the 
other hand R x represents a hydrogen atom and R 2 
represents a hydroxyl radical, the separation of the 
products thereby obtained may be performed according to 
known methods such as chromatography. 

The products of general formula (ZIZ) in 
which R represents a hydrogen atom or an acetyl radical 
and R 3 represents a hydrogen atom correspond, 
respectively, to 10-deaoetylbaccatin III and to 
bacoatin III, which may be isolated according to known 
methods from the extracts of different varieties of yew 
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(Taxus sp.) . 

The products of general formula (III) in 
which R represents a hydrogen atom or an acetyl radical 
and R 3 represents a radical of general formula (II) in 
5 which Ar represents an aryl radical and R 4 represents a 
benzoyl radical correspond/ respectively , to 
10-deacetyltaxol and to taxol, which may be obtained 
according to the processes described in European 
Patents EP 0,253,739, EP 0,336,840, EP 0,400,971 and 

10 EP 0,428,376 or in International Application PCT 
WO 92/09,589. 

The products of general formula (III) in 
which R represents a hydrogen atom or an acetyl radical 
and R 3 represents a radical of general formula (II) in 

15 which Ar represents an aryl radial and R 4 represents a 
t-butoxycarbonyl radical may be obtained according to 
the processes described in European Patents 
EP 0,253,738 and EP 0,336,841 or in International 
Application PCT WO 92/09,589. 

20 The products of general formula (III) in 

which R represents a hydrogen atom or an acetyl or 
alkoxyacetyl radical and R 3 represents a radical of 
general formula (II) in which R 4 represents a benzoyl 
radical or a radical R 5 -O-C0- may be obtained by the 

25 action of benzoyl chloride or of a reactive derivative 
of general formulas 

R 5 -0-C0-X (IV) 
in which X represents a halogen (fluorine, chlorine) 
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atom or a residue -0-R 5 or -0-CO-R 5 , on a baccatin XIX 
or 10-deacetylbaccatin XXX derivative of general 
formulas 




(V) 



ococ 6 h 5 

in which Ar is defined as above, G x represents a group 
protecting the hydroxyl function, such as a 
trialkylsilyl, dialkylarylsilyl, alkyldiarylsilyl or 
triarylsilyl radical, in which each alkyl portion 
contains 1 to 4 carbon atoms and each aryl portion 
preferably represents a phenyl radical, and Q 2 
represents a hydrogen atom or an acetyl or alkoxyacetyl 
(me thoxy acetyl) radical, to give a product of general 
formulas 




(VI) 



OCOC 6 H 5 

in which Ar, R 3 , 0 X and 0 a are defined as above. 
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followed by replacement of the protective group G x and, 
where appropriate, of the radical 0 2 by hydrogen atoms. 

Generally, the action of the reagent of 
general formula (XV) on the baccatin III or 
10-deacetylbaccatin III derivative of general formula 
(V) is performed in an organic solvent such as an 
ester, for instance ethyl acetate, in the presence of 
an inorganic or organic base such as sodium 
bicarbonate, at a temperature of between 0 and 50 °C, 
and preferably in the region of 20 °C. 

Generally, the replacement of the protective 
group G x and of the radical G 2 of the product of general 
formula (VI) by a hydrogen atom is effected by 
treatment in an acid medium such as, for example, 
hydrochloric acid dissolved in an aliphatic alcohol 
containing 1 to 3 carbon atoms (methanol, ethanol, 
isopropanol) or aqueous hydrofluoric acid at a 
temperature of between 0 and 40 °C when G x represents a 
silyl radical and G 2 represents an alkoxyacetyl 
radical . 

The new products of general formula (I) in 
which R x and R 2 are defined as above and R 3 represents a 
radical of general formula (II) in which Ar is 
represents a heterocyclic radical defined as above and 
R 4 represents a benzoyl radical or a radical of general 
formula R 5 -0-CO in which R 9 is defined as above manifest 
significant inhibitory activity with respect to 
abnormal cell proliferation, and possess therapeutio 
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propertiaa permitting the treatment of patients having 
pathological conditions associated with abnormal cell 
proliferation. The pathological conditions include the 
abnormal cell proliferation of malignant or non- 
5 malignant cells of various tissues and/or organs, 

comprising, without implied limitation, muscle, bone or 
connective tissue, the skin, brain, lungs, sex organs, 
the lymphatic or renal systems, mammary or blood cells, 
liver, the digestive system, pancreas and thyroid or 

10 adrenal glands. These pathological conditions can also 
include psoriasis, solid tumours, cancers of the ovary, 
breast, brain, prostate, colon, stomach, kidney or 
testicles, Kaposi's sarcoma, cholangiocarcinoma, 
choriocarcinoma, neuroblastoma, Wilms' tumour, 

15 Hodgkin's disease, melanoma, multiple myeloma, chronic 
lymphocytic leukaemia and acute or chronic granulocytic 
lymphoma. The new products according to the invention 
are especially useful for the treatment of cancer of 
the ovary. The products according to the invention may 

20 be used to prevent or delay the appearance or 

reappearance of the pathological conditions, or to 
treat these pathological conditions. 

The products according to the invention may 
be administered to a patient according to different 

25 dosage forms suited to the chosen administration route, 
which is preferably the parenteral route. Parenteral 
administration comprises intravenous, intraperitoneal, 
intramuscular or subcutaneous administration. 
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Intraperitoneal or intravenous administration is more 
especially preferred. 

The present invention also comprises 
pharmaceutical compositions containing at least one 
product of general formula (I) , in a sufficient amount 
suitable for use in human or veterinary therapy. The 
compositions may be prepared according to the customary 
methods, using one or more pharmaceutically acceptable 
adjuvants, vehicles or excipients. Suitable vehicles 
include diluents, sterile aqueous media and various 
non- toxic solvents. Preferably, the compositions take 
the form of aqueous solutions or suspensions, of 
injectable solutions which can contain emulsifying 
agents, colourings, preservatives or stabilizers. 

The choice of adjuvants or excipients may be 
determined by the solubility and the chemical 
properties of the product, the particular mode of 
administration and good pharmaceutical practice. 

Por parenteral administration, sterile, 
aqueous or non-aqueous solutions or suspensions are 
used. Por the preparation of non- aqueous solutions or 
suspensions, natural vegetable oils such as olive oil, 
sesame oil or liquid petrolatum or injectable organic 
esters such as ethyl oleate may be used. The sterile 
aqueous solutions can consist of a solution of a 
pharmaceutically acceptable salt dissolved in water. 
The aqueous solutions are suitable for intravenous 
administration provided the pH is appropriately 
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adjusted and the solution is made isotonic, for example 
with a sufficient amount of sodium chloride or glucose* 
The sterilization may be carried out by heating or by 
any other means which does not adversely affect the 
composition. 

It is clearly understood that all the 
products participating in the compositions according to 
the invention must be pure and non- toxic in the amounts 
used. 

The compositions can contain at least 0.01 % 
of therapeutically active product. The amount of active 
product in a composition is such that a suitable dosage 
can be prescribed. Preferably, the compositions are 
prepared in such a way that a single dose contains from 
0.01 to 1000 mg approximately of active product for 
parenteral administration. 

The therapeutic treatment may be performed 
concurrently with other therapeutic treatments 
including antineoplastic drugs, monoclonal antibodies, 
immunotherapy or radiotherapy or biological response 
modifiers. The response modifiers include, without 
implied limitation, lymphokines and cytokines such as 
interleukins, interferons (a, b or d) and TNF. Other 
chemotherapeutio agents which are useful in the 
treatment of disorders due to abnormal cell 
proliferation include, without implied limitation, 
alkylating agents, for instance nitrogen mustards such 
as mechloret amine, cyclophosphamide, melphalan and 
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chlorambucil, alkyl sulphonates such as busulfan, 
nitrosoureas such as c annus tine, lomusine, semustine 
and streptozocin, triazenea such as dacarbazine, 
antimetabolites such as folic acid analogues , for 
5 instance methotrexate, pyrimidine analogues such as 

fluorouracil and cytarabine, purine analogues such as 
mere apt opurine and thioguanine, natural products, for 
instance vinca alkaloids such as vinblastine, 
vincristine and vendesine, epipodophyllo toxins such as 

10 etoposide and teniposide, antibiotics such as 

dactinomycin, daunorubicin, doxorubicin, bleomycin, 
plicamycin and mitomycin, enzymes such as 
L- asparaginase, various agents such as coordination 
complexes of platinum, for instance cisplatin, 

15 substituted ureas such as hydroxyurea, methylhydrazine 
derivatives such as procarbazine, adrenocortical 
suppressants such as mi to tan e and aminoglutethimide, 
hormones and antagonists such as adrenocorticosteroids 
such as prednisone, progestins such as 

20 hydroxyproge star one caproate, xnethoxyprogesterone 
acetate and megestrol acetate, oestrogens such as 
diethyls tilboestrol and ethinyloestradiol, 
antioestrogens such as tamoxifen, and androgens such as 
testosterone propionate and f luoxyme star one, 

25 The doses used for carrying out the methods 

according to the invention are those which permit a 
prophylactic treatment or a maximum therapeutia 
response. The doses vary according to the 
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administration form, the particular product selected 
and features distinctive to the subject to be treated. 
In general, the doses are those which are 
therapeutically effective for the treatment of 
5 disorders due to abnormal cell proliferation. The 

products according to the invention may be administered 
as often as necessary to obtain the desired therapeutic 
effect. Some patients may respond rapidly to relatively 
high or low doses, and then require low or zero 

10 maintenance doses. Generally, low doses will be used at 
the beginning of the treatment and, if necessary, 
increasingly stronger doses will be administered until 
an optimum effect is obtained. For other patients, it 
may be necessary to administer maintenance doses 1 to 8 

15 times a day, and preferably 1 to 4 times, according to 
the physiological requirements of the patient in 
question. It is also possible that some patients may 
require the use of only one to two daily 
administrations. 

20 In man, the doses are generally between 0.01 

and 200 mg/kg. For intraperitoneal administration, the 
doses will generally be between 0.1 and 100 mg/kg, 
preferably between 0.5 and 50 mg/kg and still more 
specifically between 1 and 10 mg/kg. For intravenous 

25 administration, the doses are generally between 0.1 and 
50 mg/kg, preferably between 0.1 and 5 mg/kg and still 
more specifically between 1 and 2 mg/kg. It is 
understood that, in order to choose the most suitable 
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dosage, account should be taken of the administration 
route, the patient's weight/ general state of health 
and age and all factors which may influence the 
efficacy of the treatment. 

The examples which follow illustrate the 
present invention. 
EXAMPLE 1 

The electrolytic reduction of 4-acetoxy- 
2a-benzoyloxy-5/?,20-epoxy-l,7/J,10£-trihydroxy-9-oxo- 
11- taxen-13<*-yl (2R, 3S) - 3 - 1 -bu toxyc arbony 1 amino - 
3-phenyl-2-hydroxypropionate (or docetaxel or 
Taxotere 0 ) is carried out in an electrolysis cell 
possessing the following characteristics: 

- the cell is a 100~cm 3 glass vessel divided into two 
compartments by a cation exchange membrane, 

- the cathode is a layer of mercury whose useful 
surface area is approximately 10 cm 2 , 

- the anode is a platinum grid, 

- the reference electrode is a saturated calomel 
electrode. 

4 cm 3 of a solution containing the following 
are introduced into the cathode compartment t 

- 4-acetoxy~2or-benzoyloxy-5/9,20-epoxy- 
l,70,lO0-trihydroxy-9-oxo-ll-taxen-i3a-yl 
(2R,3S) -3-t-butoxycarbonylamino-3-phenyl- 
2-hydroxypropionate 51.1 mg 

- calcium chloride q*»- 0.05M 

- methanol q.s. 10 cm 3 
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10 cm 3 of the same mixture not containing the 
substrate are introduced into the anode compartment. 

After de-aeration of the solution for 10 
minutes by bubbling a stream of argon through it, this 
5 stream being maintained throughout the period of the 
electrolysis, the cathode potential is set at 
-1.95 volts relative to the reference electrode. 

The solution is electrolyzed for the time 
needed for the passage of 14.2 coulombs. 

10 20 jil of acetic acid are added to the 

electrolysate. After the solvent has been removed under 
reduced pressure at a temperature below 35 °C, the 
residue is taken up with 10 cm 3 of ethyl acetate and 
10 cm 3 of water. The product is extracted with 10 cm 3 

15 and twice 5 cm 3 of ethyl acetate. After the organic 
phase, separated after settling has taken place, has 
been dried over magnesium sulphate, the solvent is 
evaporated off under reduced pressure at a temperature 
below 35°C. 42.3 mg of crude product are thereby 

20 obtained, the constituents of which are separated by 
preparative thin- layer chromatography on silica gel 
(thickness i 0.25 mm), eluting with a 
dichloromethane/methanol/acetonitrile (84 i 8x8 by 
volume) mixture. 7.4 mg of 4-acetoxy-2or-benxoyloxy- 

25 50,2O-epoxy-l,70-dihydroxy-9-oxo-ll-taxen-13or-yl 
(2R,3S)-3-t - bu t oxy c arbony 1 amino - 3 - phenyl - 
2-hydroxypropionate, that is to say a product of 
general formula (I) for which R x represents a hydroxyl 
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radical and R 2 represents a hydrogen atom, are thereby 
obtained in a 15 % yield, and 9.6 xng of 4-acetoxy- 
2af-benzoyloxy-5/S, 20-epoxy-l, 7a-dihydroxy-9-oxo- 
11- taxen-13a-yl (2R,3S) -3-t-butoxycarbonylamino- 
5 3 -phenyl-2-hydroxypropionate, that is to say a product 
of general formula (I) for which R x represents a 
hydrogen atom and R 2 represents a hydroxy 1 radical, are 
thereby obtained in a 20 % yield. 
EXAMPLE 2 

10 The electrolytic reduction of 2or-benzoyloxy- 

4 , 10/ff-diacetoxy- Sfi, 2 0 - epoxy- 1 , 7/J-dihydroxy- 9 -oxo- 11 - taxen- 
13cr-yl (2R, 3S) -3-benzoylauaino-3-phenyl-2-hydroxypropionate 
(or taxol) is performed in an electrolysis cell possessing 
the following characteristics) 

15 - the cell is a 10-cm 3 glass vessel divided into 2 
compartments by a cation exchange membrane, 

- the cathode is a layer of mercury whose useful 
surface area is 4 cm 2 , 

- the anode is a platinum grid, 

2 0 - the reference electrode is a saturated calomel 
electrode. 

10 cm 3 of a solution containing the following 
are introduced into the cathode compartment i 

- 2or-benzoyloxy-4, 100-diacetoxy- 5/3, 20 -epoxy - 
25 1, 7/S-dihydroxy- 9-oxo-l- taxen-13or-yl 

(2R,3S) -3-benzoylamino-3-phenyl- 

2-hydroxypropionate . . 61.9 mg 

- ammonium chloride q.a. 0.1M 
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- ammonia solution [33 % (w/v) aqueous 

solution °- 2 c"* 3 

- methanol q.s. 10 cm 3 

10 cm 3 of a 0.1M solution of ammonium 
S chloride in methanol are introduced into the anode 
compartment . 

The solution is de-aerated by bubbling argon 
through it for 10 minutes, and the cathode potential is 
then set at -1.8 volts relative to the reference 
10 electrode until 14 coulombs have passed. The potential 
is then set at -1.85 volts. After the passage of 
42 coulombs in total, the electrolysis is stopped. 
0.1 cm 3 of pure acetic acid is added and the solvent is 
then removed by concentration under reduced pressure at 
15 a temperature below 35°C. The residue obtained is taken 
up with 10 cm 3 of water, and the product is then 

extracted with 10 cm 3 and then twice 5 cm 3 of ethyl j 
acetate. The organic phase is washed with 10 cm 3 of | 
0.2M aqueous phosphate buffer solution, pH 7.4. After 
20 drying and concentration to dryness of the organic 

phase, 49.7 mg of a crude product are obtained, which 
product is purified by preparative thin- layer 
chromatography on silica gel (thickness t 0.25 mm), 

eluting with an ethyl acetate/dichloromethane/methanol j 
25 (55t40i5by volume) mixture • 26.3 mg of 2a-bensoyloxy- | 
4-acetoxy-5/J,2O-epoxy-l,70-dihydroxy-9-oxo-ll-taxen^ j 
13c*-yl (2R,3S) -3-bensoylamiuo-3-phenyl- | 
2-hydroxypropionate are thereby isolated in a 45 % 
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yield, which product possesses the following 
characteristics s 

- proton nuclear magnetic resonance spectrum (400 KHz; 
CDC1 3 ; chemical shifts in ppm in ppm) t 
5 1.14 <s, 3H: -Cg 3 16 or 17); 1.17 <s, 3H: -CH 3 16 or 

17); 1.64 (s, 3Hi -CH 3 19 or 18); 1.68 (s, 3H: -CH 3 ^ 
or 18); 1.80 [mt, 1H: - (CH) -H 6]; 2.29 (mt, 2H: -CH 2 
14); 2.37 (s, 3H: -C0CH 3 ) ; 2.57 [mt, 1H: - (CH) -g 6]; 
3.40 and 3.77 (dd, J - 16, 1H each: -Cg 2 10); 3.88 

10 (broad s, 1H: -OS 2'); 4.03 (d, J « 7, 1H: -H 3); 4.18 
and 4.29 (2d, J - 8, 1H eachi -Cg 2 20); 4.27 (mt 1H: -H 
7); 4.78 (broad s, 1H: -g 2'); 4.93 (broad d, J - 9, 
lHi -H 5); 5.68 (d, J - 7, 1H: -H 2); 5.78 (dd, J » 9 
and 3, lHt -g 3'); 6.10 (mt, 1H: -H 13); 7.20 (d, 

15 J - 9, lHx -CONS-)/ 7.30 to 7.45 (mt, 5H: -C 6 H 5 3'); 
7.45 to 7.55 [mt, 5H: -OCOC 6 H 5 (-g3 and -S 5) and 

-NHCOC 6 H 5 (-B 3, -B 4 and -B 5)]; 7.62 [t, J - 7.5, 1H: j 
-OCOC 6 H 5 (-B 4)]; 7.75 (d, J - 7.5, 2Ht -NHCOC 5 H 5 (-B 2 | 
and -B 6) ] ; 8.12 [d, J - 7.5, 2H: -OCOC 6 H 5 (-B 2 and -B 
20 6)]. 

i 

EXAMFLB 3 

The electrolytic reduction of 4-acetoxy- 
2a-ben«oyloxy-50,2O-epoxy-l,70,lO0-trihydroxy-9-oxo- K 
ll-taxen-13a-yl (2R, 3S) -3-t-butoxycarbonylamino- 
25 3-phenyl-2-hydroxypropionate (or docetaxel) is 

performed in an electrolysis cell possessing the 
following characteristics t 

• the cell is a 100 -cm 3 glass vessel divided into 2 



} 
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compartments by a cation exchange membrane, 

- the cathode is a layer of mercury whose useful 
surface area is 4 cm 3 , 

- the anode is a platinum grid, 

5 - the reference electrode is a saturated calomel 
electrode. 

20 cm 3 of a solution containing the following 
are introduced into the cathode compartment: 

- docetaxel 404.6 mg 

10 - calcium chloride q.s. 0.05M 

- methanol . . . . q-s. 10 cm 3 

10 cm 3 of a 0.5 H solution of hydrochloric 
acid in methanol are introduced into the anode 
compartment • 

15 The solution is de-aerated by bubbling argon 

through it for 10 minutes, and the cathode potential is 
then set at -1.95 volts relative to the reference 
electrode. After 3 hours 49 minutes of electrolysis, 
that is to say the time needed for the passage of 197 

20 coulombs, the electrolysis is stopped. 0.1 cm 3 of pure 
acetic acid and 0*5 cm 3 of saturated aqueous sodium 
hydrogen carbonate solution are added. After the 
solvent has been removed by concentration under reduced 
pressure, the residue is taken up with 20 cm 3 of ethyl 

25 acetate and 20 cm 3 of deionised water. After settling 
has taken place, the aqueous phase is extracted with 
twice 10 cm 3 of ethyl aaetate. The organic phase is 
washed with 20 cm 3 of 0.2 M aqueous phospnate buffer 
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solution at a pH in the region of 7. After drying and 
concentration to dryness of the organic phase, 381.2 mg 
of a crude product are obtained, the constituents of 
which are separated by preparative thin- layer 
chromatography on silica gel* The crude product is 
taken up with the minimum amount of a 

dichloromethane/methanol (50:50 by volume) mixture and 
then injected onto 8 plates of silica gel (Kieselgel 
60 F 254, Merck) 2 mm thick, eluting with a 
dichloromethane/acetonitrile/methanol (55:40:5 by 
volume) mixture. 116 mg of 2a-benzoyloxy-4-acetoxy- 
50,2O-epoxy-l,70-dihydroxy-9-oxo-ll-taxen-13of-yl 
(2R,3S)-3-t -bu t oxyc arbony 1 amino - 3 - phenyl - 
2-hydroxypropionate are thereby isolated in a 29.2 % 
yield, which product possesses the following 
characteristics t 

- proton nuclear magnetic resonance spectrum (400 MHz; 
CDC1 3 ; chemical shifts in ppm; coupling constants J in 
Hz) i 1.22 (s, 3H: -CH 3 IS or 17); 1.26 (s, 3Ht -CH 3 16 
or 17); 1.39 [s, 9H: -C(CB 3 ) 3 1/ l.«» 3Ht -CB 3 19); 

1-79 (s, 3Ht -CH 3 18); 1.84 [ddd, J - 16, 9 and 2, 1H: 
-(CB)-B 61 I 2.33 (mt, 2Ht -CBj 14]; 2.40 (s, 3Ri 
-COCHj)/ 2.65 [mt, IBs - (CH) -B 6] i 3.42 (s, IHs -Ofl 
2') I 3.50 and 3.85 (dd, J ■ 16, 1H eacht -CB a 10) l 4.10 
(d, J - 7, lBt -B 3)1 4.22 and 4.35 (2d, J - 8, 1H 
eaohi -CB 3 20) | 4.33 (mt, IRt -H 7); 4.65 (dd, lHt -B 
2')l 5.00 (dd, J - 2 and 8, lBt -B 5); 5.30 (broad d, 
J - 10, lHt -B 3 ' ) f 5.45 (d, J - 10, lHt -CONB")l 5.73 
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(d, J - 7, lHt -S 2); 6.17 (broad t, J ■ 8, IHi -g 13); 
7.30 to 7.50 (m, 5Ht -C 6 g 5 3'); 7.53 [t, J - 7.5, 2H: 
-OCOC 6 H 5 (-1 3 and -g 5)]; 7.67 [t, J - 7.5 Hz, 1H: 
-OCOC 6 H 5 (-H 4)] | 8.15 [d, J - 7.5, 2Hs -OCOC 6 H 5 (-g 2 
5 and -g 6)] . 
EXAMPLE 4 

The electrolytic reduction of 4-acetoxy- 
2a -benzoyloxy- 50 , 2 0 - epoxy- 1 , lot, 10/5- tr ihydroxy- 9 - oxo - 
ll-taxen-13a-yl (2R,3S) -3-t-butoxycarbonylamino- 
10 3-phenyl-2-hydroxypropionate is performed in an 
electrolysis cell possessing the following 
characteristics t 

- the cell is a 120 -cm 3 glass vessel divided into 2 
compartments by a cation exchange membrane, 

15 - the cathode is a layer of mercury whose useful 
surface area is 12 cm 2 , 

- the anode is a platinum grid, 

- the reference electrode is a saturated calomel 
electrode. 

2 0 20 cm 3 of a solution containing the following 

are introduced into the cathode compartment t 

- 4 -ace toxy- 2ot-benzoyloxy- 5/3,20- epoxy- 
l,7or,10£-trihydroxy-9-oxo-ll-taxen-13a-yl 
(2R,38)-3-t-but oxy c arbony 1 amino - 3 - phenyl - 

25 2-hydroxypropionate 607.4 mg 

- calcium chloride q.s. 0.05 M 

- methanol q.s. 50 cm 9 

10 cm 3 of a 0.5 M solution of hydrochloric 



acid in methanol are introduced into the anode- 
compartment • 

The solution is de-aerated by bubbling argon 
through it for 10 minutes, and the cathode potential is 
then set to -2.0 volts relative to the reference 
electrode. After 2 hours 30 minutes of electrolysis, 
that is to say the time needed for the passage of 
224 coulombs, the electrolysis is stopped. 10 cm 3 of a 
0.1 M solution of sodium acetate in methanol are added. 
After the solvent has been removed by concentration 
under reduced pressure at a temperature below 35°C, the 
residue is taken up with 50 cm 3 of ethyl acetate and 
50 cm 3 of deionized water. After settling has taken 
place, the aqueous phase is extracted with twice 25 cm 3 
of ethyl acetate. The organic phase is washed with 
25 cm 3 of 0.2 M aqueous phosphate buffer solution at a 
pH in the region of 7. After drying and concentration 
to dryness of the organic phase at a temperature below 
35°C, 594.8 mg of a crude product are obtained, the 
constituents of which are separated by preparative 
thin-layer chromatography on silica gel. The crude 
product is taken up with the minimum amount of a 
dichlorome thane/me thanol (50i50 by volume) mixture and 
then injected onto 12 plates of silica gel (Kieselgel 
60 F 254, Merck) 2 mm thick, eluting with a 
dichloromethane/acetonitrile/methanol (80il6t4 by 
volume) mixture. 229.4 mg of 2of-benzoyloxy-4-acetoxy- 
50,2O-epoxy-l,7a-dihydroxy-9-oxo-ll-taxen-13a-yl 
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(2R,3S) -3-t-butoxycarbonylamino-3-phenyl- 
2-hydroxypropionate are thereby isolated in a 38.5 % 
yield, which product possesses the following 
characteristics t 

- proton nuclear magnetic resonance spectrum (400 MHz; 
CDC1 3 ; chemical shift in ppm; coupling constants J in 
Hz): 1.10 (s, 3H: -CB 3 16 or 17); 1.20 (s, 3Ht -CH 3 16 
or 17); 1.36 [s, 9H: -C(CS 3 ) 3 ]; 1.62 <s, 3H: -CH 3 19); 
1.72 (s, 3Ht -CH 3 18); 1.73 (s, 1H: -Og 1); 2.15 to 
2.45 (mt, 4Ht -CH 2 - 14 and -CH 2 - 6); 2.49 (s, 3H: 
-COCH 3 ); 3.28 (broad s, lHt -OH 2'); 3.43 (broad d, 
J . 16, 1H: -(CH)-H 10); 3.78 (ddd, J - 12.4 and 2.5, 
1H: -H 7); 4.12 (d, J - 16, 1H: - (CH) -S 10); 4.20 (d, 
J - 7, lHt -H 3); 4.38 (limiting ah, J - 11, 2H: -CH 2 - 
20); 4.58 (d, J - 12, lHi -OS 7); 4.62 (broad s, lHt -H 
2')l 4.99 (dd, J - 9 and 5, 1H: -S 5) ; 5.28 (broad d, 
J . 10, lHi -S 3') I 5.38 (d, J - 10, lHt -CONB-)» 5.76 
(d, J ■ 7, lHi -B 2); 6.17 (mt, lHi -B 13) I 7.30 to 
7.45 (mt, 5Ht -C 6 H 5 3 ' ) ; 7.52 [t, J - 7.5, 2Hi -OCOC 8 H s 
(-B 3 and B 5)]; 7.62 [t, J - 7.5, lHi -0C0C S H 5 (-B 4)]; 
8.12 [d, J - 7.5, 2Ht -OCOC 6 H 5 (-B 2 and B 6)]. 
BXAMPLB 5 

A first electrolytic reduction of 4-acetoxy- 
2a-benzoyloxy- 5/5, 20 -epoxy-1 , 7a, 10/J- trihydroxy- 9 -oxo- 
ll-taxen-13a-yl (2R,3S) -3-t-butoxyaarbonylaaiino- 
3- (3-thienyl) -2-hydroxypropionate is performed in an 
electrolysis cell possessing the following 
characteristics i 
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. the cell is a 100 -cm 3 glass vessel divided into 2 
compartments by a cation exchange membrane, 

- the cathode is a layer of mercury whose useful 
surface area is 4 cm 2 / 

5 - the anode is a platinum grid, 

- the reference electrode is a saturated calomel 
electrode. 

10 cm 3 of a solution containing the following 
are introduced into the cathode compartment: 
10 - 4-acetoxy-2a-benzoyloxy-5/S,20-epoxy- 

1,7a, 10/8- trihydroxy-9-oxo-ll-taxen-13a-yl 
(2R,3S) -3-t-butoxycarbonylamino-3- (3-thienyl) - 
2-hydroxypropionate 21.6 mg 

- calcium chloride q.s. 0.05 M 

15 - methanol q.s. 10 cm 3 

10 cm 3 of a 0.1 M solution of hydrochloric 
acid in methanol are introduced into the anode 
compartment • 

The solution is de-aerated by bubbling argon 
20 through it for 10 minutes, and the cathode potential is 
then set at -1.95 volts relative to the reference 
electrode at the beginning of the electrolysis and then 
at -2.0 volts after the passage of 10.5 coulombs. After 
79 minutes of electrolysis , that is to say the time 
25 needed for the passage of 25.6 coulombs, the 
electrolysis is stopped. 

A second electrolytic reduction of 4-acetoxy- 
2a-bensoyloxy-5£,20-epoxy-l,7a,10/J-trihydroxy-9-oxo- 



'MFrr, 
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ll-taxea-13a-yl (2R,3S) -3- t-butoxycarbonylamino- 
3-phenyl-2-hydroxypropionate is performed in the same 
one electrolysis cell* 

20 cm 3 of a solution containing the following 
5 are introduced into the cathode compartment: 

- 4 -acetoxy-2a-benzoyloxy- 50, 2 0 -epoxy- 
l,7«,10/3-trihydroxy-9-oxo-ll-taxen-13or-yl 
(2R,3S) -3-t-butoxycarbonylamino-3- (3-thienyl) - 

2 -hydroxypropionate 80.0 mg 

10 - calcium chloride q.s. 0.05 M 

- methanol q.s. 10 cm 3 

10 cm 3 of a 0.1 M solution of hydrochloric 
acid in methanol are introduced into the anode 
compartment . 

15 The solution is de-aerated by bubbling argon 

through it for 10 minutes, and the cathode potential is 
then set at -2.0 volts relative to the reference J 
electrode. After 2 hours 4 minutes of electrolysis, j 
that is to say the time needed for the passage of 

20 66.5 coulombs, the electrolysis is stopped. ( 
The electrolysis solutions are combined, and 

» 

the medium is then buffered by adding a few cm 3 of a 

methanolic solution of acetic buffer. After the solvent j 

has been removed by concentration under reduced 
25 pressure at a temperature below 35°C, the residue is 
I taken up with 20 cm 3 o£ ethyl, acetate and 20 cm 3 of 

deionised water. After settling has taken place , the 
j aqueous phase is extracted with twice 10 cm 3 of ethyl 1 

< I- 

■ mm num. iimmiu i mi^ 
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acatata. Tha organic phase is washed with 20 cm 3 o£ 
0.2 M aqueous phosphate buffer solution at a pH in tha 
region of 7. After drying and concentration to dryness 
of the organic phase at a temperature below 35°C, 
95.7 mg of a crude product are obtained, the 
constituents of which are separated by preparative 
thin-layer chromatography on silica gel. The crude 
product is taken up with the minimum amount of a 
dichloromethane/methanol (50:50 by volume) mixture and 
then injected onto 1 plate of silica gel (Kieselgel 
60 F 254, Merck) 2 mm thick, eluting with a 
dichloromethane/acetonitrile/methanol (80:16:4 by 
volume) mixture. 28.2 mg of 2a-benzoyloxy-4-acetoxy- 
5/3, 20-epoxy-l,7a-dihydroxy-9-oxo-ll-taxen-13a-yl 
(2R,3S) -3-t-butoxycarbonylamino-3- (3-thienyl) - 
2-hydroxypropionate are thereby isolated in a 28 % 
yield, and 24.2 mg of 2a-benzoyloxy-4-acetoxy- 
5/5,20- epoxy- 1 , 7/3-dihydroxy- 9 - oxo- 11 - taxen- 13a-yl 
(2R,3S) -3-t-butoxycarbonylamino-3- (3-thienyl) - 

2- hydroxypropionate are thereby isolated in a 24 % 
yield, which products possess the following 
characteristics, respectively i 

a). 2a-benzoyloxy-4-acetoxy-5/5,20-epoxy-l,7a-dihydroxy- 
9-oxo-ll-taxen-13a-yl (2R,3S) -3- t-butoxycarbonylamino- 

3- (3-thienyl) - 2-hydroxypropionate t 

- proton nuclear magnetic resonance spectrum (300 MHz* 
CDCl 3 i chemical shifts in ppm; coupling constants J in 
Hz)s 1.16 (s, 3Hi -CH 3 16 or 17) 1 1.21 (», 3Hi -CH 3 16 
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or 17); 1.35 [s, 9Ht -C(Cg 3 ) 3 ]; 1.64 (a, 3B: -Cg 3 19) ; 
1.69 (s, lHs -OH 1); 1.75 (a, 3Hs -Cg 3 18); 1.80 [mt, 
IBs -(CB)-g 6]; 2.33 (mt, 2B: -CH 2 14]; 2.34 (s, 3B: 
-COCH 3 ); 2.61 [mt, IHt -(CH)-B 6]; 3.40 (d, J • 5.5, 
5 IBs -01 2') I 3.44 and 3.80 (dd, J - 16, 1H each: -Cg 2 
10); 4.05 (d, ami, IB* -g 3); 4.18 and 4.30 (2d, 
J - 8, 1H each: -CB 2 20); 4.27 (mt, 1H: -H 7) ; 4.62 
(dd, J - 5.5 and 2, 1H: -I 2'); 4.94 (broad d, <7 o 9, 
IB: -g 5); 5.25 (d, J - 10, 1H: -C0NH-) ; 5.33 (broad d, 

10 J - 10, 1H: -g 3'); 5.70 (d, J » 7, 1H: -H 2); 6.13 
(mt, IHt -H 13); 7.13 (dd, J ■ 5 and 2, 1H: -H 4 of 
thiophene) ; 7.30 (dd, J - 3.5 and 2, IB: -g 2 of 
thlophene); 7.36 (dd, J - 5 and 3.5, IB: -g 5 of 
thiophene); 7.50 [t, J - 7.5, 2B: -OCOC 6 B 5 (-H 3 and -g 

15 5)]; 7.62 [t, J - 7.5, IB: -OCOC 6 H 5 (-g 4)]; 8.12 [d, 
J - 7.5, 2B: -OCOC 6 B 5 (-g 2 and -g 6)]. 

b) 2ct-benzoyloxy-4-acetoxy-50,2O-epoxy-l, 70-dihydroxy- 
9-oxo-ll- taxen-13a-yl (2R, 3S) -3-t-butoxycarbonylamino- 
3- (3-thienyl) -2-hydroxyproplonate: 

20 - proton nuclear magnetic resonance spectrum (300 MHz; 
CDCI3I chemical shifts in ppm; coupling constants J in 
Hz): 1.12 (s, 3B: -Cg 3 16 or 17); 1*20 (s, 3B: -Cg 3 16 
or 17); 1.35 [s, 9B: -C(Cg 3 ) 3 ]; 1.62 (s, 3B: -Cg 3 19); 
1.68 (s, IB: -Og 1); 1.72 (s, 3B: -Cg 3 18); 2.20 to 

25 2.50 (mt, 4B: -Cg 2 14 and -Cg 2 6); 2.44 (s, 3H: -COCg 3 ) ; 
3.30 (broad s, IB: -Og 2'); 3.42 and 4.10 (dd, 
J - 16.5, IB eaoh: -Cg 2 10); 3.77 (ddd, J - 11.6 and 4, 
IB: -g 7); 4.21 (d, J - 7, IB: -g 3); 4.38 (broad s. 
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2Ht -Cg 2 20) j 4.54 (d, J - 11, lHt -OH 7); 4.62 (dd, 
J « 6 and 2.5, lHt -H 2')l 4.89 (dd, J - 8.5 and 5.5, 
IHx -g 5); 5.22 (d, J - 10, lHt -CONS-)/ 5.34 (broad d, 
J - 10, 1H: -g 3'); 5.76 (d, J - 7, 1H* -g 2); 6.17 
5 (mt, 1H: -g 13); 7.12 (broad d, J - 5, 1H: -g 4 of 
thiophone); 7.30 (broad d, J » 3.5, 1H; -g 2 of 
thiophone); 7.36 (dd, J - 5 and 3.5, lHt -g 5 of 
thiophene); 7.52 [t, J - 7.5, 2H: -OCOC 6 H 5 (-H 3 and -g 
5)]; 7.62 [t, J - 7.5, 1H: -OCOC 6 H 5 (-H 4)]; 8.14 [d, 
10 J « 7.5, 2H: -OCOC 6 H 5 (-H 2 and -g 6)]. 
EXAMPLE 6 

40 mg of 2a-benzoyloxy-l, 7£-dihydroxy-5£, 20- 
epoxy-9-oxo-ll-taxen-13a-yl 
(2R, 3S) -3-t-butoxycarbonylamino-3-phenyl- 

15 2-hydroxypropionate, obtained under the conditions of 
Example 1, are dissolved in 1 cm 3 of Emulphor EL 620 
and 1 cm 3 of ethanol, and the solution is then diluted 
by adding 18 cm 3 of physiological saline. 

The composition is administered by 

20 introduction in a perfusion of a physiological solution 
during 1 hour. 
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CLAIMS 

1. Process for the preparation of taxane 
derivatives of general fo:;mula: 




OCOC 6 H 5 

in which: 

one of the symbols R 1 and R 2 represents a hydrogen atom 

and the other represents a hydroxyl radical , 

- R 3 represents a hydrogen atom or a radical of general 

formula: 

R 4 -NH O 

Ar : 
OH 

in which 

Ar represents an aryl radical, and 
R 4 represents a benzoyl radical or a radical 
R 5 -0-CO in which R 5 represents an alkyl, alkenyl, 
cycloalkyl, cycloalkenyl, bicycloalkyl, phenyl or 
heterocyclic radical, characterized in that the 
electrolytic reduction of a product of general formula: 



AX 
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or » .^.one-organic »i*t»r.. in th. P«°«>« ° £ 

carrier electrolyte. 

2 process according to claim 1, 

eh .r.ot.ri„a i. -« «- ly " COn " i '" °1* „ lt 

«.« wh.- R represent. an acetyl or 
or. where appropriate, wn. * f 

. lk o*y.c.tyl r.ale.1. o< .n — *-. «» " 
. olubl . in tU. eolvent or fixture .« -oivent. or in t„. 
aqueous -organic mixture. 

3. process according to claim 2, 

^ * -alt is chosen from magnesium 
characterized in that the salt 

^~-*Am cerium 111 chloride, 
chloride, calcium chloride, cerium 

*a. lithium chloride and, where 
strontium chloride, litnium c 

appropriate, ammonium chloride. 

4 Process according to claim 2. 
character, s.d in that the solvent, are chose, from 
. .liphati. elcohol. and the a^eou.. organic mixture 
an *loohol/water mixture. 
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5. Process according to claim 4, 
characterized in that the solvent is methanol. 

6. Process according to one of claims 1 to 
5, characterized in that the electrolysis is performed 

5 in an electrolyser containing a mercury cathode. 

7. Process according to one of claims 1 to 
5, characterized in that the electrolysis is preferably 
performed in a diaphragm electrolyser. 

8. Process according to claim 7, 

10 characterized in that the diaphragm consists of a 
porous material or of a cation exchange membrane. 

9. Process according to one of claims 1 to 
8, characterized in that the electrolysis is performed 
at a controlled potential of between -1.65 and 

15 -2.1 volts relative to a calomel reference electrode, 
depending on the nature of the cation of the 
electrolyte; 

10. Process according to one of claims 1 to 
9 for the preparation of a product of general formula 

"20 (I) in which in which, R x and R 2 being defined as in 

claim 1, R 3 represents a hydrogen atom or a radical of 
general formula (XX) in which t 

Ar represents a phenyl or a- or 0-naphthyl 
radical optionally substituted with one or more atoms 
25 or radicals chosen from fluorine or chlorine atoms and 
alkyl, aryl, aralkyl, alkoxy, alkylthio, aryloxy, 
arylthio, hydroxyl, hydroxyalkyl, meroapto, acylamino, 
aroyl amino, alkoxy oarbonyl amino, amino, alkyl amino, 
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dialkylamino, carboxyl, alkoxycarbonyl, carbamoyl, 
dialkylcarbamoyl, cyaao and trif luoromethyl radicals, 
on the understanding that the alkyl radicals and the 
alkyl portions of the other radicals containing 1 to 4 
carbon atoms and the aryl radicals are phenyl or or- or 
/J-naphtbyl radicals, or a 5 -member ed aromatic 
heterocyclic radical containing one or more identical 
or different atoms chosen from nitrogen, oxygen and 
sulphur atoms, optionally substituted with one or more 
identical or different substituents chosen from 
fluorine and chlorine atoms and alkyl radicals 
containing 1 to 4 carbon atoms, aryl radicals 
containing 6 to 10 carbon atoms, alkoxy radicals 
containing 1 to 4 carbon atoms, aryloxy radicals 
containing 6 to 10 carbon atoms, amino radicals, 
alkylamino radicals containing 1 to 4 carbon atoms, 
dialkylamino radicals in which each alkyl portion 
contains 1 to 4 carbon atoms, acylamino radicals in 
which the acyl portion contains 1 to 4 carbon atoms , 
alkoxycarbonylamino radicals containing 1 to 4 carbon 
atoms, acyl radicals containing 1 to 4 carbon atoms, 
arylcarbonyl radicals in which the aryl portion 
contains 6 to 10 carbon atoms, cyano, carboxyl and 
carbamoyl radicals, alkylcarbamoyl radicals in which 
the alkyl portion contains 1 to 4 carbon atoms, 
dialkylcarbamoyl radicals in which each alkyl portion 
contains 1 to 4 carbon atoms and alkoxycarbonyl 
radicals in which the alkoxy portion contains 1 to 4 
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carbon atoms, and 

R 4 represent* a benzoyl radical or a radical 
R 5 -0-CO- in which R 5 represents! 

- an unbranched or branched alkyl radical containing 1 
5 to 8 carbon atoms, an alkenyl radical containing 2 to 8 
carbon atoms, an alkynyl radical containing 3 to 8 
carbon atoms, a cycloalkyl radical containing 3 to 6 
carbon atoms, a cycloalkenyl radical containing 4 to 6 
carbon atoms or a bicycloalkyl radical containing 7 to 

10 10 carbon atoms, these radicals being optionally 

substituted with one or more substituents chosen from 
fluorine or chlorine atoms and hydroxyl radicals, 
alkoxy radicals containing 1 to 4 carbon atoms, 
dialkylamino radicals in which each alkyl portion 

15 contains 1 to 4 carbon atoms, piperidino, morpholino 

and 1-piperazinyl (optionally substituted at position 4 
with an alkyl radical containing 1 to 4 carbon atoms or 
with a phenylalkyl radical in which the alkyl portion 
contains 1 to 4 carbon atoms) radicals, cycloalkyl 

'20 radicals containing 3 to 6 carbon atoms, cycloalkenyl 
radicals containing 4 to 6 carbon atoms, phenyl, cyano 
and carboxyl radicals and alkoxyoarbonyl radicals in 
which the alkyl portion contains 1 to 4 carbon atoms, 
- a phenyl radical optionally substituted with one or 

25 more radicals chosen from alkyl, aryl, aralkyl, alkoxy, 
alkylthio, aryloxy, arylthio, hydroxyl, hydroxyalkyl , 
meroapto, aoylamino, aroylamino, alkoxyoarbonylamino, 
amino, alkyl amino, dialkylamino, carboxyl. 
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alkoxycarbonyl, carbamoyl, dialkylcarbamoyl, cyano and 
trif luoromethyl radicals, on the understanding that the 
alkyl radicals and the alkyl portions of the other 
radicals contain 1 to 4 carbon atoms, 
5 - or a saturated 4- to 6 -member ed nitrogenous 

heterocyclic radical optionally substituted with one or 
more alkyl radicals containing 1 to 4 carbon atoms, 
on the understanding that the cycloalkyl, cycloalkenyl 
or bicycloalkyl radicals may be optionally substituted 

10 with one or more alkyl radicals containing 1 to 4 
carbon atoms. 

11* Process according to one of claims 1 to 
9 for the preparation of a product of general formula 
(I) in which, R x and R 2 being defined as in claim 1, R 3 

15 represents a radical of general formula (II) in which 
Ar represents a phenyl radical optionally substituted 
with a fluorine or chlorine atom or with an alkyl 
(methyl) , alkoxy (methoxy) , dialkylamino 
(dimethyl amino) , acyl amino, alkoxycarbonylamino or 

2 0 tr if luoromethyl radical or a 2- or 3-thienyl or 2- or 

3-furyl radical, and R 4 represents a benzoyl radical or 
a radical R 5 -0-CO- for which R 5 represents a t-butyl 
radical. 

12 . New taxane derivatives of general 
2 5 formula (I) t R x and R 3 are defined as in claim 1, and R 3 
represents a radical of general formula (II) in which 
Ar represents a heterocyclic radiaal defined as in one 
of olaims 10 and 11 and R 4 represents a bensoyl radical 
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or a radical of general formula R 5 -0-CO in which R 5 is 
defined as in one of claims 1/ 10 and 11* 

13. Pharmaceutical composition/ 
characterized in that it contains a sufficient amount 
of at least one derivative according to claim 12, in 
the pure state or in combination with one or more 
phaxmaceutically acceptable products. 
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1. proee.. 

derivatives of general formula. 



for the preparation of taxane 



Q I*1 -*2 




in which.* 

5 



in which s 

^ , v and R-» represents a hydrogen atom 
one of the symbols R x and R 2 rep 

and the other represents a hydroxyl radical. 

R 3 represents a hydrogen ato» or a radical of general 



formula: 



R 4 -NH ° 



OH 



10 



15 



in which 

Ar represent, an aryl radical, and 
R4 represent, a benzoyl radical or a radical 
-.O-CO in which R 5 repre.ent. an alfcyl, alKenyl, 
cy cloal1cyl, cycloal*.nyl, bicyoloalfcyl . phenyl or 
Heterocyclic radical, characterized in that * 
.lectrolytio reduction of a product of general formula. 
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(HI) 



OCOC 6 H 5 

in which R represents a hydrogen atom or an acetyl or 
alkoxyacetyl radical and R x , R 2 and R 3 are defined as 
above, is performed in a solvent or mixture of solvents 
or an aqueous -organic mixture, in the presence of a 
carrier electrolyte. 

2. Process according to claim 1, 
characterized in that the electrolyte consists of a 
magnesium, calcium, cerium 111 , strontium or lithium salt 
or, where appropriate, whe-» R represents an acetyl or 
alkoxyacetyl radical, of an ammonium salt which is 
soluble in the solvent or mixture of solvents or in the 
aqueous -organic mixture. 

3. Process according to claim 2, 
characterized in that the salt is chosen from magnesium 
chloride, calcium chloride, cerium 111 chloride, 
strontium chloride, lithium chloride and, where 
appropriate, ammonium chloride. 

4. Process according to claim 2, 
characterized in that the solvents are chosen from 
aliphatic alcohols and the aqueous -organio mixture is 
an alcohol/water mixture. 
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5. Process according to claim 4, 
characterized in that the solvent is methanol. 

6. Process according to one of claims 1 to 
5, characterized in that the electrolysis is performed 
in an electrolyser containing a mercury cathode. 

7. Process according to one of claims 1 to 
5, characterized in that the electrolysis is preferably 
performed in a diaphragm electrolyser. 

8. Process according to claim 7, 
characterized in that the diaphragm consists of a 
porous material or of a cation exchange membrane. 

9. Process according to one of claims 1 to 
8, .characterized in that the electrolysis is performed 
at a controlled potential of between -1.65 and 

-2.1 volts relative to a calomel reference electrode, 
depending on the nature of the cation of the 
electrolyte; 

10. Process according to one of claims 1 to 
9 for the preparation of a product of general formula 
(I) in which in which, R x and R 2 being defined as in 
claim 1, R 3 represents a hydrogen atom or a radical of 
general formula (XX) in whioht 

Ar represents a phenyl or a- or 0-naphthyl 
radical optionally substituted with one or more atoms 
or radicals chosen from fluorine or chlorine atoms and 
alkyl, aryl, ar alkyl, alkoxy, alkylthio, aryloxy, 
arylthio, hydroxyl, hydroxyalkyl , mercapto, acylamino, 
aroylamino, alkoxycarbonyl amino, amino , alkyl amino, 



dialkylamino, carboxyl, alkoxycarbonyl, carbamoyl, 
dialkylcarbamoyl, cyano and trif luoromethyl radicals, 
on the understanding that the alkyl radicals and the 
alkyl portions of the other radicals containing 1 to 4 
carbon atoms and the aryl radicals are phenyl or a- or 
0-naphthyl radicals, or a 5-membered aromatic 
heterocyclic radical containing one or more identical 
or different atoms chosen from nitrogen, oxygen and 
sulphur atoms, optionally substituted with one or more 
identical or different substituents chosen from 
fluorine and chlorine atoms and alkyl radicals 
containing 1 to 4 carbon atoms, aryl radicals 
containing 6 to 10 carbon atoms, alkoxy radicals 
containing 1 to 4 carbon atoms, aryloxy radicals 
containing 6 to 10 carbon atoms, amino radicals, 
alkylamino radicals containing 1 to 4 carbon atoms, 
dialkylamino radicals in which each alkyl portion 
contains 1 to 4 carbon atoms, acylamino radicals in 
which the acyl portion contains 1 to 4 carbon atoms, 
alkoxycarbonylamino radicals containing 1 to 4 carbon 
atoms, acyl radicals containing 1 to 4 carbon atoms, 
arylcarbonyl radicals in which the aryl portion 
contains 6 to 10 carbon atoms, cyano, carboxyl and 
carbamoyl radicals, alkylcarbamoyl radicals in which 
the alkyl portion contains 1 to 4 carbon atoms, 
dialkylcarbamoyl radicals in which each alkyl portion 
contains 1 to 4 carbon atoms and alkoxycarbonyl 
radicals in which the alkoxy portion contains 1 to 4 
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carbon atoms, and 

r 4 represents a benzoyl radical or a radical 
R s -0-CO- in which R 5 represents t 

. an unbranched or branched alkyl radical containing 1 
to 8 carbon atoms, an alkenyl radical containing 2 to 8 
carbon atoms, an alkynyl radical containing 3 to 8 
carbon atoms, a cycloalkyl radical containing 3 to 6 
carbon atoms, a cycloalkenyl radical containing 4 to 6 
carbon atoms or a bicycloalkyl radical containing 7 to 
10 carbon atoms, these radicals being optionally 
substituted with one or more substituents chosen from 
fluorine or chlorine atoms and hydroxyl radicals, 
alkoxy radicals containing 1 to 4 carbon atoms, 
dialkylamino radicals in which each alkyl portion 
contains 1 to 4 carbon atoms, piperidino, morpholino 
and 1-piperazinyl (optionally substituted at position 4 
with an alkyl radical containing 1 to 4 carbon atoms or 
with a phenylalkyl radical in which the alkyl portion 
contains 1 to 4 carbon atoms) radicals, cycloalkyl 
radicals containing 3 to 6 carbon atoms, cycloalkenyl 
radicals containing 4 to 6 carbon atoms, phenyl, cyano 
and carboxyl radicals and alkoxycarbonyl radicals in 
which the alkyl portion contains 1 to 4 carbon atoms, 
- a phenyl radical optionally substituted with one or 
more radicals chosen from alkyl, aryl, aralkyl, alkoxy, 
alkylthio, aryloxy, arylthio, hydroxyl, hydroxyalkyl, 
mercapto, acylamino, aroylamino, alkoxycarbonylamino, 
amino, alkyl amino, dialkylamino, carboxyl. 
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alkoxycarbonyl, carbamoyl, dialkylcarbamoyl, cyano and 
trif luoromethyl radicals, on the understanding that the 
alkyl radicals and the alkyl portions of the other 
radicals contain 1 to 4 carbon atoms, 
5 - or a saturated 4- to 6 -member ed nitrogenous 

heterocyclic radical optionally substituted with one or 
more alkyl radicals containing 1 to 4 carbon atoms, 
on the understanding that the cycloalkyl, cycloalkenyl 
or bicycloalkyl radicals may be optionally substituted 
10 with one or more alkyl radicals containing 1 to 4 
carbon atoms. 

11. Process according to one of claims 1 to 
9 for the preparation of a product of general formula 
(I) in which, R x and R 2 being defined as in claim 1, R 3 

15 represents a radical of general formula (II) in which 
Ar represents a phenyl radical optionally substituted 
with a fluorine or chlorine atom or with an alkyl 
(methyl), alkoxy (methoxy) , dialkylamino 
(dimethyl amino) , acyl amino, alkoxycarbonylamino or 

20 trif luoromethyl radical or a 2- or 3-thienyl or 2- or 

3- fury 1 radical, and R 4 represents a benzoyl radical or 
a radical R 5 -0-CO- for which R 5 represents a t -butyl 
radical. 

12. New taxane derivatives of general 

25 formula (I) i R x and R a are defined as in claim 1, and R 3 
represents a radioal of general formula (II) in which 
Ar represents a heterocyclio radioal defined as in one 
of claims 10 and 11 and R 4 represents a bensoyl radioal 
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or a radical of general formula R 5 -0-CO in which R 5 ie 
defined as in one of claims 1, 10 and 11. 

13. Pharmaceutical composition, 
characterized in that it contains a sufficient amount 
of at least one derivative according to claim 12, in 
the pure state or in combination with one or more 
pharmaceutically acceptable products. 
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CLAIMS 

1. Process for the preparation of taxane 
derivatives of general formulas 



(I) 




OCOC 6 H 5 



in which i 

one of the symbols R x and R 2 represents a hydrogen atom 
and the other represents a hydroxy 1 radical, 
- R 3 represents a hydrogen atom or a radical of general 
formula t 



r 4 .nu o 



At 



an 



OH 



in which 

10 Ar represents an aryl radical, and 

R 4 represents a benzoyl radioal or a radical 
R 5 -0-C0 in which R 5 represents an alkyl, alkenyl, 
cycloalkyl, cyoloalkenyl, bicycloalkyl, phenyl or 
heterocyclic radical, characterized in that the 

15 electrolytic reduction of a product of general formulas 



AMENDED SHEET 
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(III) 



OC0C 6 H 5 



in which R represents a hydrogen atom or an acetyl or 
alkoxyacetyl radical and R x , R 2 and R 3 are defined as 
above, is performed in a solvent or mixture of solvents 
or an aqueous -organic mixture, in the presence of a 
5 carrier electrolyte consisting of a magnesium, calcium, 
cerium 111 , strontium or lithium salt or, where 
appropriate, when R represents an acetyl or 
alkoxyacetyl radical, of an ammonium salt which is 
soluble in the solvent or mixture of solvents or in the 
10 aqueous -organic mixture. 

2. Process according to claim 1, 
characterized in that the salt is chosen from magnesium 
chloride, calcium chloride, cerium 111 chloride, 
strontium chloride, lithium chloride and, where 

15 appropriate, ammonium chloride. 

3. Process according to claim 1, 
characterized in that the solvents are chosen from 
aliphatic alcohols and the aqueous -organic mixture is 
an alcohol/water mixture. 
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4. Process according to claim 3, 
characterized in that the solvent io methanol. 

5. Process according to one of claims 1 to 
4, characterised in that the electrolysis is performed 
in an electrolyser containing a mercury cathode. 

6. Process according to one of claims 1 to 
4, characterized in that the electrolysis is preferably 
performed in a diaphragm electrolyser. 

7. Process according to claim 6, 
characterized in that the diaphragm consists of a 
porous material or of a cation exchange membrane. 

8. Process according to one of claims 1 to 
7, characterized in that the electrolysis is performed 
at a controlled potential of between -1.65 and 

-2.1 volts relative to a calomel reference electrode, 
depending on the nature of the cation of the 
electrolyte. 

9. Process according to one of claims 1 to 
8 for the preparation of a product of general formula 
(I) in which in which, R x and R 2 being defined as in 
claim 1, R 3 represents a hydrogen atom or a radical of 
general formula (IX) in which: 

Ar represents a phenyl or o- or 0-naphthyl 
radical optionally substituted with one or more atoms 
or radicals chosen from fluorine or chlorine atoms and 
alkyl, aryl, aralkyl, alkoxy, alkylthio, aryloxy, 
arylthio, hydroxyl, hydroxyalkyl, mercapto, acylamino, 

AMENDED SHEET 



aroylamino, alkoxycarbonylamino, amino, alkylamino, 
dialkylamino, carboxyl, alkoxycarbonyl , carbamoyl , 
dialkylcarbamoyl, cyano and trif luoromothyl radicals, 
on the tinders tanding that the alkyl radicals and the 
alkyl portions of the other radicals containing 1 to 4 
carbon atoms and the aryl radicals are phenyl or a- or 
/3-naphthyl radicals, or a 5 -member ed aromatic 
heterocyclic radical containing one or more identical 
or different atoms chosen from nitrogen, oxygen and 
Bulphur atoms, optionally substituted with one or more 
identical or different substituents chosen from 
fluorine and chlorine atoms and alkyl radicals 
containing 1 to 4 carbon atoms, aryl radicals 
containing 6 to 10 carbon atoms, alkoxy radicals 
containing 1 to 4 carbon atoms, aryloxy radicals 
containing 6 to 10 carbon atoms, amino radicals, 
alkylamir radicals containing 1 to 4 carbon atoms, 
dialkylamino radicals in which each alkyl portion 
contains 1 to 4 carbon atoms, acylamino radicals in 
which the acyl portion contains 1 to 4 carbon atoms, 
alkoxy carbonylamino radicals containing 1 to 4 carbon 
atoms, acyl radicals containing 1 to 4 carbon atoms, 
arylcarbonyl radicals in which the aryl portion 
contains 6 to 10 carbon atoms, cyano, carboxyl and 
carbamoyl radicals, alkylcarbamoyl radicals in which 
the alkyl portion contains 1 to 4 carbon atoms, 
dialkylcarbamoyl radicals in which each alkyl portion 

AMENDED SHEET 
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contains 1 to 4 carbon atoms and alkoxycarbonyl 
radical '■■ in which the alkoxy portion contains 1 to 4 
carbon atoms, and 

R 4 represents a benzoyl radical or a radical 
R 5 -0-C0- in which R 5 represents: 

- an unbranched or branched alkyl radical containing 1 
to 8 carbon atoms, an alkenyl radical containing 2 to 8 
carbon atoms, an alkynyl radical containing 3 to 8 
carbon atoms, a cycloalkyl radical containing 3 to 6 
carbon atoms, a cycloalkenyl radical containing 4 to 6 
carbon atoms or a bicycloalkyl radical containing 7 to 
10 carbon atoms, these radicals being optionally 
substituted with one or more substituents chosen from 
fluorine or chlorine atoms and hydroxy 1 radicals, 
alkoxy radicals containing 1 to 4 carbon atoms, 
dialkylamino radicals in which each alkyl portion 
contains 1 to 4 carbon atoms, piper idino, morpholino 
and 1-piperazinyl (optionally substituted at position 4 
with an alkyl radical containing 1 to 4 carbon atoms or 
with a phenylalkyl radical in which the alkyl portion 
contains 1 to 4 carbon atoms) radicals, cycloalkyl 
radicals containing 3 to 6 carbon atoms, cycloalkenyl 
radicals containing 4 to 6 carbon atoms, phenyl, cyano 
and carboxyl radicals and alkoxycarbonyl radicals in 
which the alkyl portion contains 1 to 4 carbon atoms, 

- a phenyl radical optionally substituted with one or 
more radiaals chosen from alkyl, aryl, aralkyl, alkoxy. 
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alkyl thio, aryloxy, arylthio, hydroxyl, hydroxyalkyl , 
mercapto, acylamino, aroyl amino, alkoxycarbonyl amino, 
amino, alky 1 amino, dialkylamino, carboxyl, 
alkoxycarbonyl, carbamoyl, di alky 1 carbamoyl, cyano and 
trif luoromethyl radicals, on the understanding that the 
alkyl radicals and the alkyl portions of the other 
radicals contain 1 to 4 carbon atoms 
- or a saturated 4- to 6 -member ed nitrogenous 
heterocyclic radical optionally substituted with one or 
more alkyl radicals containing 1 to 4 carbon atoms, 
on the understanding that the cycloalkyl, cycloalkenyl 
or bicycloalkyl radicals may be optionally substituted 
with one or more alkyl radicals containing 1 to 4 
carbon atoms. 

10. Process according to one of claims 1 to 
8 for the preparation of a product of general formula 
(I) in which, R x and R 2 being defined as in claim 1, R 3 
represents a radical of general formula (II) in which 
Ar represents a phenyl radical optionally substituted 
with a fluorine or chlorine atom or with an alkyl 
(methyl) , alkoxy (methoxy) , dialkylamino 
(dimethyl amino) , acylamino, alkoxycarbonylamino or 
trif luoromethyl radical or a 2- or 3-thienyl or 2- or 
3- fury 1 radical, and R 4 represents a benzoyl radical or 
a radical R 5 -0-C0- for which R 5 represents a t-butyl 
radical • 
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